Background: poor physical performance (PP) is known to be associated with disability, lower quality of life and higher mortality rates. Knee and hip osteoarthritis (OA) might be expected to contribute to poor PP, through joint pain and restricted range of movement. Both clinical and self-reported OA are often used for large-scale community and epidemiological studies. Objective: to examine the relationships between hip and knee OA and PP in a large data set comprising cohorts from six European countries. Methods: a total of 2,942 men and women aged 65-85 years from the Germany, Italy, Netherlands, Spain, Sweden and the UK were recruited. Assessment included an interview and clinical assessment for OA. PP was determined from walking speed, chair rises and balance (range 0-12); low PP was defined as a score of ≤9. Results: the mean (SD) age was 74.2 (5.1) years. Rates of self-reported OA were much higher than clinical OA. Advanced age, female gender, lower educational attainment, abstinence from alcohol and higher body mass index were independently associated with low PP. Clinical knee OA, hip OA or both were associated with a higher risk of low PP; OR (95% CI) 2. 93 (2.36, 3.64), 3.79 (2.49, 5.76) and 7.22 (3.63, 14.38), respectively, with relationships robust to adjustment for the confounders above as well as pain. Conclusion: lower limb OA at the hip and knee is associated with low PP, and for clinical diagnosis relationships are robust to adjustment for pain. Those at highest risk have clinical OA at both sites.
Introduction
Osteoarthritis (OA) is the most common chronic joint disorder in older people [1] and is associated with significant disability. Worldwide, it was estimated to account for the loss of over 17 million DALYs in 2010 [2] . Poor physical performance has been shown to be strongly associated with disability, short-term mortality, nursing home admission, poor health and quality of life [3] [4] [5] . A greater understanding of the relationship between such a score and OA is timely, and might benefit agencies trying to evaluate the likely impact of a diagnosis of OA on ability to self-care.
Although relationships between OA and physical performance have been examined previously, these studies have usually focused on those individuals with severe disease rather than community-based populations [6, 7] and have often concentrated on OA in one joint alone when the condition is frequently polyarticular [7] [8] [9] . Typically investigators have considered subjects with radiographic OA [6] [7] [8] [9] . However, there is a growing awareness that this often correlates poorly with symptoms [10] , in contrast to the American College of Rheumatology (ACR) criteria, which are now thought to reflect accepted clinical practice [11] . As we aim to determine the effects of OA on physical performance, it is clearly important that we use a definition that is analogous to clinical practice and that the research is undertaken in cohorts that are representative of the general older population.
There is also increasing utilisation of self-reported diagnoses in large-scale community and epidemiological studies, including for OA, as a valid predictor of certain clinical outcomes [12] [13] [14] . Furthermore, self-report has been used not only to define OA but additionally measures of disease status, physical function, pain, and disability [15] [16] [17] . Diagnosing OA using a self-reported definition is both less costly and less invasive than making either a clinical or radiographic diagnosis. However, there is a need to determine whether when using this definition, similar relationships are consistently observed to those identified using a more rigorous, clinical definition.
Therefore, in this study, we performed an analysis using a large cohort with representation from several European countries to assess: to what extent joint pain, self-reported OA and clinical OA correlate with physical performance in population-based cohorts; whether location or number of sites affected by OA is important; and what factors mediate any such associations found.
Methods

Study design and sample characteristics
The European Project on Osteoarthritis (EPOSA) involves six cohort studies each performed in a different country: Germany, UK, Italy, The Netherlands, Spain and Sweden. Random samples from these population-based cohorts are included. In each cohort, 750 potential participants were contacted with the aim of recruiting 500 participants. In Italy, a new sample was drawn, with recruitment procedures and age/ sex-distributions similar to those in the other studies. Further details are available from the EPOSA design paper [18] . The overall age range was 65-85 years (with oversampling of the oldest respondents 80-85 years) in all cohorts except for the UK, which has an age range of 71-79 years. The design and procedures of all six cohort studies were approved by the Medical Ethics Committee of the respective institutions.
Procedure
Data collection started between November 2010 and March 2011 in all countries, and ended between September and November 2011. The EPOSA interview incorporated the Western Ontario and McMaster Universities Arthritis Index (WOMAC) questionnaire providing information on degree of joint pain during various activities, joint stiffness and physical functioning [19] . The interview also obtained information on general health (as assessed by number of chronic diseases), medications, lifestyle (such as smoking and alcohol consumption), level of physical activity (using the validated LASA physical activity questionnaire [20] , quality of life, health care utilisation and social care utilisation. Self-reported OA was assessed by asking participants, 'Do you have OA?'. If they answered 'yes', then the location of OA was asked. The different sites were fingers, hand/wrist, elbows, shoulders, toes, feet, knee, hip, neck and back.
Measurements of height and weight; a clinical examination for OA and an assessment of physical performance were also carried out. Algorithms for clinical OA were developed based on the clinical classification criteria of the ACR [21] . The clinical diagnoses of hip and knee OA used both history and physical examination findings [18] .
Specifically, a clinical diagnosis of hip OA required pain in the hip as evaluated by the WOMAC pain subscale score, plus all of: pain associated with hip internal rotation in at least one side; morning stiffness, evaluated by the WOMAC stiffness subscale and age over 50 years. The knee OA clinical diagnosis required pain in the knee as evaluated by the WOMAC pain subscale score, plus any 3 of: age over 50 years; morning stiffness, evaluated by the WOMAC stiffness subscale; crepitus on active motion in at least one side; bony tenderness in at least one side; bony enlargement in at least one side; and no palpable warmth of synovium in both knees. Joint pain was assessed using the relevant subscale of the WOMAC questionnaire.
A physical performance score was derived from tests of walking speed, repeated chair stands and standing balance based on the methods described by Guralnik et al. [3] . To test walking speed, a 3 m course, with no obstructions for an additional two feet at either end was marked out on the floor. Participants were asked to 'walk to the other end of the course as quickly as you can, but do not run' and time taken was assessed using a stopwatch. In the UK, the instruction was to 'walk to the other end of the course at your usual speed, just as if you were walking down the street to go to a shop'. The use of assistive devices was permitted if required. In Germany, 361 of the participants were measured using a GAITRite ® walkway system and were standardised to timings using a stopwatch. The GAITrite ® system consisted of a portable walkway embedded with pressure-activated sensors [22] . The walkway detected the timing of sensor activation during walking as well as the relative distances between the activated sensors. This information was fed back to the application software for analysis. Gait aspeed was determined by dividing the distance traversed by the time between the first and last step.
Chair stands tested each participant's ability to rise from a straight-backed chair. Participants folded their arms across their chest and stood up. If they were able to complete this they were asked to stand up and sit down again a total of five times at their normal pace. The UK and the German cohorts were instructed to perform this task as quickly as possible. Participants were timed from their initial sitting position until they were standing on the fifth repetition.
The test of standing balance was a tandem stand. The interviewer demonstrated the task and then supported one arm of the participant while they positioned their feet. When the participant was ready, the support was released and timing began. Timing was stopped if the participant moved their feet or grasped the interviewer for support, or when 10 s were up. If the participant maintained balance for 10 s they were given a score of 4; if they obtained a time of between 4 and <10 s they scored 2; and if they were unable to attempt the stand or managed a shorter time they were given a score of 0.
For the walking test and chair stands, those who could not complete the test were given a score of 0. The rest of the participants' times were divided into country-specific quartiles to take account of the specific methodology used in each country. They were then given scores of 1-4 corresponding to these with those producing times in the fastest quartile being given a score of 4. The scores for the walking test, chair rises and balance were then summed. The maximum possible score was 12 and the minimum was 0. In keeping with previous work, those with a score equal to or lower than 9 were designated as low physical performance [23, 24] .
Statistical methods
Based on current prevalence rates for clinical OA [25] [26] [27] and low physical performance [28] in the age range of the participants studied, the sample size used gave over 80% power to demonstrate a 7% difference in rates of low physical performance in those with and without OA.
As age distribution and sex split varied between the cohorts of different countries a weighting variable was created for each individual within each country. The variables were derived from the European standard population in 2010 and calculated per sex and per 5-year age category, using the formula: W = N exp /N obs (N obs is the number of persons in a specific age/sex category in the cohort; and N exp is the number of persons in a specific age/sex category in the European standard population in 2010). These were applied to all data with the exception of age and sex. This technique allowed direct comparisons of the demographic findings across countries.
Differences between countries were assessed using ANOVA for continuous variables and Chi-squared test for categorical variables. Logistic regression was used to assess the relationships between demographic variables and low physical performance, and to model the associations between of subjective OA, clinical OA and WOMAC pain score, with low physical performance, before and after adjustment for potential covariates.
Results
Fifty-six individuals that took part in the EPOSA study (n = 2942) did not have physical performance assessed and were therefore excluded from the analyses. This left a total of 2,886 men and women. Those excluded were on average older and more likely to be single or widowed; they did not differ significantly in height, weight, body mass index (BMI), sex, education, smoking status or alcohol consumption.
The mean age in the cohort as a whole was 74.2 years and the mean BMI was 27.3; there was some variation in sex distribution by country but overall females were slightly overrepresented compared with males. Table 1 shows the summary characteristics of the cohorts in each country after weighting to the European standard population in 2010. Clear differences were observed between countries with regard to educational attainment and alcohol consumption; only 0.8% of the Italian cohort had a university education, compared with 42.8% of the Swedish cohort. In the Spanish cohort 38.9% reported drinking alcohol, compared with 74.9-90% in other countries.
Supplementary data available in Age and Ageing online, Table S2 provides a description of physical performance (including walking test, chair rises and standing balance individually) and prevalence of self-reported and clinical OA by country. Over 50% of participants at each site had a physical performance score of ≤9 indicative of significant impairment; however, rates varied by country. There were also significant differences between walking test, chair rises and prevalence of poor balance depending on country. Sweden had the highest proportion of individuals not reporting any chronic diseases (46.8%) and Spain had the lowest (19.7). Rates of self-reported OA were considerably higher than clinical OA in each joint and in all countries (Supplementary data available in Age and Ageing online, Table S2 ). The highest rates of clinical OA were seen in Italy and the lowest in Germany. Specifically, 8.1% of Italian subjects had a clinical diagnosis of OA hip and knee, compared with just 0.2% in Germany. The highest rates of self-reported knee OA were found in Spain and Italy. Figure 1 demonstrates the overlap between the different definitions of OA and joint pain. Based on the ACR criteria, a clinical diagnosis of hip or knee OA cannot be made in the absence of pain and this is reflected in the figure. OA was not infrequently self-reported in the absence of joint pain (n = 234 and 170 for knee and hip, respectively). Pain without selfreported OA was present in the knee in 410 and hip in 378 individuals. Of the 939 participants with self-reported knee OA, 443 (47.2%) also had clinical knee OA; whereas clinical hip OA was diagnosed in only 20.1% of individuals with selfreported hip OA.
Country, sex and age were all associated with a low physical performance score as shown in Supplementary data available in Age and Ageing online, Table S3 . After adjustment for these three factors, high BMI, low educational attainment, abstinence from alcohol and stiffness in the hip and knee also showed significant positive relationships with low physical performance. Interestingly, there was a graded relationship between low physical performance and both educational attainment and number of chronic diseases. No associations were demonstrated between either marital status or smoker status and physical performance.
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Relationships between physical performance and knee and hip osteoarthritis
In Table 2 , univariate analyses show that those with either pain, self-reported OA or clinical OA in any joint assessed were more likely to have low physical performance. At each joint, the magnitude of the odds ratio was greater with a clinical diagnosis than either pain or self-reported OA.
Furthermore, the effect magnitude was also greater in those with both joints affected, as opposed to either hip or knee individually, regardless of the definition used. All of these associations were attenuated by adjustment for other risk factors described in Supplementary data available in Age and Ageing online, Table S3 ; although each remained statistically significant. The associations between physical performance and both clinical and self-reported OA were further adjusted for pain and stiffness in the corresponding joint. This completely attenuated associations with self-reported OA; in contrast, strong positive relationships were maintained between physical performance and clinical OA at all sites assessed.
Discussion
This study has shown that a diagnosis of either clinical or self-reported OA is associated with low physical performance; however, with self-reported OA this relationship is attenuated when covariates, including joint pain and stiffness, are included in the model. The combination of knee and hip OA is associated with a greater risk of low physical performance.
We found that rates of self-reported and clinical OA vary between European countries. As expected, there was significant overlap between those individuals with joint pain, self-reported OA and clinical OA. There were consistently higher rates of self-reported than clinical OA. This may be due to the less stringent and robust nature of the definition. Consequently, if an individual was diagnosed with clinical OA they were highly likely to self-report OA although this does not hold true for the reverse. Overall rates of clinical OA in the knee (11.1-28.8%) and hip (0.8-13.8%) are of similar magnitude to those found in previous population studies [25] [26] [27] . Interestingly, around a quarter of individuals that described self-reported knee or hip OA did not have pain in the corresponding joint. This might suggest that they are reporting due to other factors such as joint deformity, stiffness, creaking or due to a previous medical diagnosis, for example, on X-ray. Conversely, many individuals with pain did not attribute this to OA [410 (37%) for knee and 378 (47%) for hip]. This is commensurate with a study of 788 individuals over 50 years of age with knee pain that showed that only 33% had radiographic evidence of OA and 30% fulfilled the ACR criteria [29] . All cohorts were non-selectively recruited from population samples, and have been shown to be representative of the populations from which they were drawn. Low physical performance was found to be most common in the UK cohort (68.9%). We might hypothesise that varying levels of physical performance by country might be related to different physical activity patterns. However, in a study of self-reported physical activity in European adults, of the countries that made up our cohorts the UK was second only to Sweden [30] . Unlike the walk test and chair rise scores, the balance score was not calculated as country-specific quartiles in those able to complete the task; this test may, therefore, contribute more markedly to intercountry differences. In keeping with this hypothesis, rates of poor balance were highest in the UK.
Low physical performance was found to be related to female sex, advancing age, greater BMI, abstinence from alcohol, lower educational attainment, number of chronic diseases, hip and knee stiffness and country. In keeping with our results, men have been shown to have higher levels of physical performance than women [31, 32] and negative associations of both age and BMI with assessments of physical performance have been well documented [31] [32] [33] . Graded relationships have also been identified between higher education at 26 years and better physical performance in terms of sitting balance and chair rises [34] . Interestingly, the same study showed associations between social class and balance but not chair rises. Physical performance and alcohol consumption were assessed by the Osteoporotic Fracture in Men Research Group [35] . They found higher gait speed in those with alcohol consumption up to high-moderate use; above this level, and in those with a history of problem drinking and/or sustained excessive drinking, the association was reversed. Clearly, the use of a binary variable in our study prevents the differentiation of individuals by the level of their alcohol consumption. The finding of lower physical performance in those that abstain from alcohol likely reflects confounding by factors, such as co-morbidities, and may suggest that problem drinking and/or sustained excessive drinking were not having the overriding effect on our findings.
Pain, self-reported OA and clinical OA at the knee and/ or hip increased the risk of low physical performance. This is commensurate with a study of community-dwelling Japanese women that showed relationships between radiographic knee OA and both walking speed and chair stands that remained after adjustment for age and BMI [8] . However, an investigation of a US population with radiographic knee OA [Kellgren and Lawrence (K&L) >1] showed no difference in gait speed or balance in relation to knee osteophyte severity or K&L grade [6] . They did find an association shown between joint space and gait speed before and after adjustment for age, BMI, comorbidities, gender, knee pain and ankle pain [6] .
The maintenance of relationships between physical performance and each of joint pain, self-reported OA and clinical OA after adjustment for demographic and lifestyle factors suggests that these are not the sole mediates of the associations found. This is an important finding, particularly, as we have shown that several of these factors were individually associated with lower physical performance and thus might act as potential confounders. In contrast, the marked attenuation of the relationships between self-reported OA and physical performance after adjustment for pain and stiffness may suggest that an individual reporting OA is largely the result of symptom perception and to a lesser extent to other features of OA. Furthermore, pain and stiffness are likely to be the main mediators of the association between self-reported OA and physical performance.
Clinical OA is more robustly related to physical performance with associations maintained after adjustment for both covariates and pain and stiffness. This enduring effect may be due to reduced joint mobility and associated muscle weakness, both of which have been found in OA and to be related to lower physical performance [7, 9] . OA may also lead to a reduction in physical activity which in turn results in a further deterioration. It has been shown previously that physical activity levels are lower in those with OA and that physical performance and physical activity are modestly correlated [36] . The likelihood of low physical performance was greater when clinical OA was present in both the knee and hip compared with when only one site was affected. This may reflect a cumulative detrimental effect on performance when OA is present at multiple sites.
There are limitations of this study. Specifically, participants were recruited from existing cohorts, where demographic differences existed in a number of domains, including educational level and occupational history. However, these differences between cohorts may allow hypothesis generation regarding the consequences of a clinical report of OA. Another limitation is that the involvement of multiple research centres meant methods of data collection might vary by the study site. However, regular planning workshops included standardisation of data acquisition; all questionnaires and examination proformas were similar across centres, and all training for clinical examination was undertaken by one team to minimise such problems.
In conclusion, although both self-reported and clinical OA are associated with low physical performance, this relationship is only robust to adjustment for covariates, pain and stiffness in the latter. Consequently, a clinical diagnosis of OA in the hip or knee is an important determinant of physical performance. Those at highest risk have clinical OA at both sites.
Key points
• Clinical OA is associated with low physical performance.
• Low physical performance is more likely in those with a combination of both hip and knee OA. 
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